. This latter approach allows awareness to be coupled to retesting at a particular time of day and manipulated independently of practice. Applying this cannot therefore be attributed to circadian factors. In strategy, we promoted explicit learning by informing a contrast, in the implicit learning task, offline learning group of subjects that a change in the color of the visual was observed regardless of whether the 12 hr interval cues would mark the introduction of a repeating sedid or did not contain a period of sleep. However, these quence. In contrast, a second group of subjects were improvements were not observed with only a 15 min instructed that the SRTT was a four-choice reaction time interval between sessions. Therefore, the practice test, the cues remained the same color throughout the available within each session cannot account for these trials, and the possibility of a sequence was never menskill improvements. Instead, sufficient time is necestioned, giving implicit procedural learning. Subjects sary for offline learning to occur. These results show within these two groups, called the explicit and implicit a behavioral dissociation, based upon an individual's groups, respectively, learned the same 12-item finger awareness for having learned a sequence of finger movement sequence. However, the different instrucmovements. Offline learning is sleep dependent for tions promoted a relative difference in subjects' awareexplicit skills but time dependent for implicit skills. 
We tested the possibility that the second practice session might provide sufficient further practice in the implicit task to lead to a dramatic increase in skill. Eight subjects (Supplemental Experimental Procedures, Experiment 2) performed the implicit version of the SRT task but were tested with an interval between practice sessions of only 15 min. This short interval was not F(1,6) ϭ 11.4, p ϭ and was sufficient to transform offline learning from being sleep independent to being sleep dependent. 0.012, an increase of 36 ms, Figure 3) . Therefore, the overnight improvement of skill is not coupled to retesting
The nature of this dissociation is surprising. Those who learned the task explicitly could mentally rehearse at a particular time of day.
In summary, we found that the development of skill some or all of the known sequence during the day. Despite this opportunity, these participants only showed without practice can be either time dependent or sleep dependent. Whether or not sleep was required for this skill improvements following sleep. Participants who learned the task implicitly were not even aware that between-session skill improvement was dependent upon the instructions given to the subjects. The different there was a skill to be mentally practiced. However, it was these individuals who showed offline learning durinstructions were designed to manipulate a subject's awareness for the sequence. For the implicit group, the ing the day. This makes it unlikely that either covert practice or mental rehearsal could be responsible for task was introduced as a choice reaction time test, while subjects allocated to the explicit group were told that the observed skill improvements [25]. Overnight improvements have been observed in other there was an underlying sequence. We used both subjective and objective measures to test whether the insequence-learning tasks [7, 8] . Participants in these studies were instructed to learn a short sequence of structions were able to manipulate a subject's awareness of the sequence [21].
finger movements. In this respect, these tasks are comparable to our explicit sequence-learning task. From First, subjects were given a free recall test to assess their awareness for the sequence at the end of the secthese studies and our own observations, a consistent picture emerges: when sequences of finger movements ond session. If they thought there was an underlying sequence, subjects were asked to reproduce it as a are learned intentionally, the development of further skill without practice is sleep dependent [7, 8] . These studies sequence of finger movements. Recalling more than five items was defined as having achieved explicit awareshowed an 18% overnight improvement in performance, compared to the 38% we describe. This greater effect ness of the sequence, because five items is approximately the guessing rate of subjects exposed to random size may be attributable to differences in the task demands (only in the SRT task does a visual cue guide stimuli [15] . Members of the implicit group stated at most four items, with most (17 subjects) unable to recall sequence learning) or to the sensitivity of the skill measure we used. any of the 12-item sequence. This low rate of recall, below that of even the average guessing rate, was beOther procedural tasks also show offline improvements that are sleep dependent [4, 26, 27]. In most of cause those with greater recall were removed from the implicit group to ensure that the remaining individuals these cases, an individual is aware that the task involves acquiring a new skill and is aware of his or her improving had little or no awareness of the sequence. In contrast, seven subjects in the explicit group were able to recall performance. For example, in the rotary pursuit task, subjects intentionally improve their ability to maintain all 12 items of the sequence (average of eight items, for the 20 subjects).
the position of a stylus on a rotating target and are aware of their enhanced skill. The intention to learn a new Second, we analyzed the response times to identify trials in which subjects may have anticipated the next skill and the awareness of improved performance are features of an explicit procedural task. These tasks folvisual cue. Explicit learning is marked by an ability to anticipate the next item of a sequence, and this is exlow the principle that offline learning of explicit skills is sleep dependent [4, 26] . Nonetheless, within these pressed as a reduction in response time to less than a visual reaction time (approximately 200 ms, [14] ). During explicit procedural tasks, there may also be significant implicit components. These components, for example implicit learning, very few of the sequential response times (Ͻ2%) were shorter than 200 ms. In contrast, durin the rotary pursuit task, may account for the improved performance that also occurs over short intervals withing explicit learning, 16% of the response times were faster than 200 ms. Neither this objective measure nor out sleep or further practice [1] . These improvements follow the principle that offline learning of implicit skills the free recall test provides a pure measure of explicit learning. The former is contaminated by guesses, and does not depend upon sleep. Nonetheless, sleep can make an important contribution to memories and skills free recall has possible implicit contributions. This is a problem for many, if not all, tests of awareness [11] . acquired unintentionally [27]. Nor should there be any pretence that other offline Nonetheless, these measures confirm that subjects' awareness of the sequence differed across the implicit processes adhere to these principles. For example, a memory trace for an explicit procedural task steadily and explicit groups. This is not to suggest that subjects in the implicit group had no awareness of learning a becomes less susceptible to interference following practice, without the benefit of sleep 
